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With MDCT it is possible to scan a wide range, including areas containing pulmonary nodules, at a detector collimation of 0.500-0.625 mm in one breath-hold. This capability facilitates 3D evaluation of pulmonary nodules. In previous studies [12] [13] [14] [15] [16] , investigators assessed computer-aided volumetry of pulmonary nodules using volumetric data obtained at MDCT, and the technique reportedly had sufficiently high accuracy and reproducibility [12] . In those studies, however, only solid pulmonary nodules were evaluated with the software used, and computer-aided volumetry of GGO nodules reportedly was difficult [15] . We developed computer-aided volumetry software that can be used to measure the volume not only of solid but also of OBJECTIVE. The purpose of this study was to investigate the accuracy and reproducibility of results acquired with computer-aided volumetry software during MDCT of pulmonary nodules exhibiting ground-glass opacity.
MATERIALS AND METHODS.
To evaluate the accuracy of computer-aided volumetry software, we performed thin-section helical CT of a chest phantom that included simulated 3-, 5-, 8-, 10-, and 12-mm-diameter ground-glass opacity nodules with attenuation of -800, -630, and -450 HU. Three radiologists measured the volume of the nodules and calculated the relative volume measurement error, which was defined as follows: (measured nodule volume minus assumed nodule volume ÷ assumed nodule volume) × 100. Two radiologists performed two independent measurements of 59 nodules in humans. Intraobserver and interobserver agreement was evaluated with Bland-Altman methods.
RESULTS. The relative volume measurement error for simulated ground-glass opacity nodules measuring 3 mm ranged from 51.1% to 85.2% and for nodules measuring 5 mm or more in diameter ranged from -4.1% to 7.1%. In the clinical study, for intraobserver agreement, the 95% limits of agreement were -14.9% and -13.7% and -16.6% to 15.7% for observers A and B. For interobserver agreement, these values were -16.3% to 23.7% for nodules 8 mm in diameter or larger.
CONCLUSION. With computer-aided volumetry of ground-glass opacity nodules, the relative volume measurement error was small for nodules 5 mm in diameter or larger. Intraobserver and interobserver agreement was relatively high for nodules 8 mm in diameter or larger.
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GGO nodules. The purpose of this study was to investigate the accuracy and reproducibility of results obtained on GGO nodules with our computer-aided volumetry software.
Materials and Methods

Computerized Volumetry of Pulmonary Nodules
For volumetry of GGO nodules (Figs. 1 and 2), we used prototype software developed for a PACS (3D analysis software for HOPE/DrABLE-EX, Fujitsu). First, with a single click-and-drag maneuver, the radiologists roughly specified the region of interest to include the target nodule on axial, sagittal, and coronal images. In an improvement of our previously reported method [17] , the nodule was automatically segmented with the computer-aided volumetry software. For robust extraction of nodules from the lung parenchyma, we adopted an adaptive threshold attenuation value based on the attenuation value of the target nodule and the lung parenchymal background. When the difference between the attenuation value of the target nodule and that of the lung parenchyma was relatively large, the computer-aided volumetry software chose the threshold attenuation value that approximated the mean value of the nodule and lung parenchyma. When the difference in the attenuation value of the nodule and lung parenchyma was relatively small, the threshold attenuation value nonlinearly approached the average attenuation value of the lung parenchyma.
In the pulmonary nodule extraction process, structures connected to the nodule, such as vessels and bronchi, were roughly eliminated by the computer-aided volumetry software. Occasionally, some structures remained around the nodules (Fig. 2C ), or part of the nodule was not included in the extracted area. In such cases, the radiologists who performed volumetry used the mathematic morphology erosion-dilation technique to edit the segmented area to include the nodule by changing the threshold level that separated the density of the nodule from the base density of the lung [18] (Fig. 2D) . Erosion-dilation is a useful digital image-processing technique for eliminating structures tangent with the nodule, such as vessels and thoracic wall. Because it was based on the subjective judgment of each radiologist, this modification resulted in volumetric intraobserver and interobserver discrepancies.
Although the prototype software allows freehand shape editing, the radiologists were not allowed to use this technique. Rather, they could use only the aforedescribed image-processing technique to assure the reproducibility of segmentation. The judgment of successful segmentation was based on the observers' visual assessment on axial CT images and on sagittal and coronal multiplanar reconstructed images. Finally, the volume of the segmented area was automatically measured with the software. The average calculation time required by the computer-aided volumetry system to analyze each nodule was less than 1.0 seconds. A computer workstation (FMV-H8230, Fujitsu) with dual 2.16-GHz processors (Core Duo, Intel) was used in this study. A, High-resolution CT scan shows target ground-glass opacity nodule. B, High-resolution CT scan shows target ground-glass opacity nodule specified by and place region of interest manually placed by radiologists. C, High-resolution CT scan shows density of nodule and surrounding lung parenchyma automatically analyzed with software and nodule border estimated. Structures such as vessels occasionally remained around nodules (arrows). D, High-resolution CT scan shows nodule border subjectively modified by radiologists using semiautomatic edit tool and concept of mathematic morphology. Nodule volume is automatically calculated with software.
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Phantom Study
Chest phantom-To evaluate the accuracy of our computer-aided volumetry software, we conducted a phantom study with simulated GGO nodules. Ours was a commercially available chest CT phantom with simulated GGO nodules (multipurpose chest phantom N1, Kyoto Kagaku). In this phantom, simulated soft tissues, such as pulmonary vessels, the chest wall, heart, diaphragm, and liver, consist of polyurethane resin composites, and simulated bone consists of an epoxide resin. The space between the pulmonary vessels, heart, and chest wall was filled with air. The chest wall can be removed from the other structures, such as the simulated heart, pulmonary vessels, diaphragm, and liver. Simulated nodules were spheres made of urethane foam resin. The diameters of the simulated nodules were 3 mm (estimated error, 20%), 5 mm (estimated error, 6%), 8 mm (estimated error, 4%), 10 mm (estimated error, 3%), and 12 mm (estimated error, 2.5%), and the attenuation values of the simulated nodules were -800, -630, and -450 HU. On CT scans of the chest phantom harboring simulated nodules, we placed a nodule on bifurcations of the pulmonary vessels in the right lung at the level of the carina.
CT of phantom-CT was performed with a 64-MDCT scanner (Brilliance 64, Philips Healthcare). The scanning parameters were detector row width, 0.625 mm; helical pitch, 0.673; section thickness and section interval, 1 mm; rotation time, 0.5 second; tube voltage, 120 kVp; tube current, 250 mAs.
Volumetry of simulated GGO nodules- Figure  3 shows the screen display of the computer-aided volumetry software in the phantom study. Three radiologists with 4-, 10-, and 15 years of experience in chest CT subjected each simulated nodule to three volumetric measurements, and the resultant values were averaged for each nodule. Each radiologist performed three volumetry sessions at 1-week or longer intervals. We calculated the relative volume measurement error for each nodule to evaluate the accuracy of our volumetry software. The error was defined as follows: [(measured nodule volume -assumed nodule volume) ÷ assumed nodule volume] × 100. The assumed nodule volume was the calculated volume based on the diameter of a simulated spherical nodule. We calculated the mean relative volume measurement error for each nodule by averaging the values reported by the three radiologists.
Clinical Study
To evaluate the reproducibility of our computeraided volumetry software, represented by intraobserver and interobserver agreement, we conducted a study using data derived from patients. We also investigated whether the need for editing the segment area or the edit time depends on the morphologic features of the GGO nodule. All patients who underwent CT examinations at our institution had given prior informed consent for the use of their CT images in future retrospective studies. Our institutional review board approved the use of the CT database. The requirement for informed specific study-related consent was waived.
Nodule selection-One chest radiologist with 21 years of chest CT experience reviewed the records of 211 consecutively registered patients with suspected pulmonary nodules. The patients underwent thin-section helical CT of the chest at our institution during the 36-month period from January 2004 through December 2006. The radiologist, who did not participate in the volume measurement study selected all patients who satisfied the following criteria: GGO nodules that did not exceed 20 mm in the xy (transverse) plane, a histologic diagnosis based on findings at thoracic surgery or at CT-guided transcutaneous or bronchoscopic transbronchial biopsy, and absence of consolidation due to the presence of organizing tissues after pneumonia or associated with idiopathic pulmonary fibrosis around the nodules. The last criterion was applied because we found it difficult to define the nodule boundary.
On the basis of the selection criteria, 59 nodules in 59 patients (18 men, 41 women; mean age, 65.4 years; range, 47-79 years ) with 40 malignant (BAC, n = 38; adenocarcinoma, n = 2) and 19 benign nodules (atypical adenomatous hyperplasia, n = 17; amyloidosis, n = 1; goblet cell metaplasia, n = 1) were identified. The mean size in the xy (transverse) plane of the 59 nodules was 12.8 ± 4.7 (SD) mm (range, 4.0-20.0 mm). The mean attenuation was -539.6 ± 96.3 HU (range, -744 to -339 HU).
CT-CT scans were obtained with a 4-MDCT scanner (LightSpeed QX/I, GE Healthcare). After routine helical scanning of the whole thorax, thinslice helical scans with a scan range of approximately 5 cm including the pulmonary nodules were obtained. The scan parameters for routine helical scans were detector collimation, 4 × 2.5 mm; helical pitch (beam pitch), 1.5; slice thickness and interval, 5.0 mm; rotation time, 0.8 second; 120 kVp; 250 mA. The scan parameters for thin-slice helical scans were detector row width, 4 × 1.25 mm; helical pitch, 0.75; slice thickness and interval, 1.25 mm; rotation time, 0.8 seconds; 120 kVp; 160-200 mA. The reconstruction algorithm for thin-slice helical scans was bone plus. Contrast enhancement was not used in any of the 59 nodules. Because the 4-MDCT scanner was replaced with the 64-MDCT scanner in January 2008, we used the 4-MDCT scanner for the clinical and the 64-MDCT scanner for the phantom study.
Volumetry of GGO nodules- Figure 4 shows the screen display of computer-aided volumetry software in the clinical study. Two of the three radiologists (4 and 15 years of experience with chest CT) who participated in the phantom study performed volumetry in the clinical study. Each radiologist performed two volumetry sessions at 1-month or longer intervals. Between the two sessions, the order of case presentation was changed to minimize the learning effect. Before the first session, each radiologist underwent a training session that involved volumetry in three training cases to become familiar with the editing tools of the computer-aided volumetry software because the shape of some of the human nodules was more complex than that of the phantom nodules. The three training cases were not among the 59 cases in the clinical study.
When the GGO nodules were not accurately extracted with the computer-aided volumetry software alone, the two radiologists subjectively edited the segmented area using techniques based on mathematic morphology. If an edit was required, we measured the editing time. To investigate whether morphologic nodule characteristics affected the need for editing, the chest radiologist who selected the 59 patients classified the GGO nodules into three categories on the basis of the nature of the nodule margin. Category 1 nodules (n = 22) exhibited a well-defined smooth margin; category 2 nodules (n = 24) had a well-defined irregular margin; and category 3 nodules (n = 13) manifested an ill-defined margin. The radiologist also classified the 59 nodules as partly solid (mixed GGO, n = 31) and nonsolid (pure GGO, n = 28) according to internal density [1] . The readers recorded whether the GGO nodules were (n = 12) or were not (n = 47) adjacent to the pleural surface.
Statistical Analysis
All numerical values are reported as mean ± SD. We used Bland-Altman [19] analysis to determine intraobserver and interobserver agreement in the clinical study. We assessed intraobserver and interobserver agreement on nodules < 8 mm and ≥ 8 mm in diameter to evaluate the influence of nodule size. We also assessed agreement on nodules that were or were not subjected to editing to reveal whether and how editing affected the reproducibility of computer-aided volumetry. On the Bland-Altman plots we used the percentage difference of the average of two measured values (relative difference) rather than absolute difference because the variability of the differences increased as the magnitude of the measurements increased.
To determine the frequency of necessary edits (edit rate) required by the morphologic features of the GGO nodules, we performed the chi-square test. To assess the effect of the morphologic features of nodules on edit time, we used Student's t test or Tukey multiple comparisons. Variables with a value of p < 0.05 were considered to indicate statistically significant differences. Statistical analysis software was used (MedCalc Software, MedCalc; SPSS version 15.0, SPSS).
Results
Phantom Study
The average of the relative volume measurement error values for nodules with a diameter of 3 mm and attenuation of -800, -630, and -450 HU was 61.5%, 51.1%, and 85.2% (Fig. 5) . For all nodules 5 mm in diameter or larger, the average ranged from -4.1% to 7.1%. The SD of relative volume measurement error for 3-mm diameter nodules with attenuation values of -800, -630, and -450 HU was 4.0%, 9.8%, and 13.5%. It was 0.9% to 6.2% for all nodules with a diameter of 5 mm or more.
Clinical Study
We were able to perform computer-aided volumetry on all 59 GGO nodules in patients. The mean intraobserver agreement on all GGO nodules was 1.6 ± 11.1% (95% CI, -1.3% to 4.5%) and 1.8 ± 11.5% (95% CI, -1.2% to 4.8%) for observers A and B (Fig. 6, Tables 1 and 2 ). The mean interobserver agreement for all GGO nodules was 3.2 ± 11.8% (95% CI, 0.1-6.3%) (Fig. 7 , Tables 1 and 2). Observer A applied editing to 36 nodules (61.0%) and observer B to 28 nodules (47.5%). Table 3 shows the edit rates for three categories of GGO nodules for the two observers. There was a statistically significant difference in the edit rate of the three categories. There was no statistically significant difference in the edit rates of nonsolid and partly solid GGO nodules. The edit rate for nodules that were adjacent to the pleura was significantly higher than the rate for nodules not adjacent to the pleura.
The mean edit times were 24.1 ± 10.0 seconds and 35.3 ± 12.3 seconds for observers A and B (Table 4 ). The mean edit time for category 3 nodules was statistically significantly longer than for categories 1 and 2 nodules (p < 0.01 and < 0.01 for observer A; p < 0.01 and < 0.01 for observer B). The difference in the edit times of the observers was not statistically significant for categories 1 and 2 nodules (p = 0.92 and p = 0.61). For observer B the time to edit partly solid GGOs was statistically significantly longer than that to edit nonsolid GGOs (p < 0.01); for observer A there was no statistically significant difference (p = 0.36). The times to edit nodules adjacent to and not adjacent to pleura were not significantly different (observer A, p = 0.77; observer B, p = 0.35). For nodules with attenuation of -450 HU, relative volume measurement error was 85.2% ± 13.5% (SD), -4.1% ± 3.4%, 4.8% ± 2.6%, 1.7% ± 3.4%, and -1.5% ± 4.2%. For nodules with attenuation of -630 HU, relative volume measurement error was 51.1% ± 9.8%, 0.2% ± 6.2%, 3.3% ± 1.4%, 0.2% ± 3.3%, and 1.6% ± 3.7%.
For nodules with attenuation of -800 HU, relative volume measurement error was 61.5% ± 4.0%, 7.1% ± 2.1%, 4.8% ± 1.4%, 3.1% ± 1.2%, and 7.0% ± 0.9%.
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Discussion
Regardless of difficulty in the volumetry of GGO nodules, all GGO nodules in this study were successfully segmented with our computer-aided volumetry software. Our results were better than previously reported volumetry measurements of solid nodules in humans [20, 21] ; in those studies, 71-97% of nodules were successfully segmented.
Factors that affect computer-aided volumetry of pulmonary nodules are the algorithm of the volumetry software, the threshold values for nodule extraction, nodule size and attenuation, tube current, and the image reconstruction kernel [15, 16, 22, 23] . The presence of pulmonary vessels, bronchi, or chest wall connecting with the nodule may require manual modification of nodule extraction, and arbitrary manipulation by radiologists may be a factor affecting the accuracy of volumetry. De Hoop et al. [20] assessed the volumetry of solid nodules with six semiautomated software packages. They found manual modification of nodule extraction improved the accuracy of volumetry without significantly affecting reproducibility.
In the evaluation of solid pulmonary nodules, computer-aided volumetry produced only minimal errors and had high measurement reproducibility [12, 13, 23, 24] . Kostis et al. [23] , who evaluated computer-aided volumetry of solid nodules in humans, reported that the overall standard measurement error for nodules 2-5 mm, 5-8 mm, and 8-10 mm was 18.5%, 10.6%, and 7.47%. A study conducted by Das et al. [12] revealed that accurate volumetry was possible for simulated solid nodules with a diameter of 5 mm or larger and with a volume greater than 66 mm 3 . However, volumetry of GGO nodules is difficult because the attenuation difference between these nodules and normal lung parenchyma is small, and other structures in the lung are visualized in the same attenuation range. An earlier volumetric study A, Scatterplot shows mean intraobserver agreement on nodules < 8 mm in diameter for observer A was 7.4% ± 16.7% (95% CI, -1.5% to 16.3%); 95% limits of agreement were -25.3% (95% CI, -40.8 to -9.8%) and 40.1% (95% CI, 24.6-55.6%). B, Scatterplot shows mean intraobserver agreement on nodules ≥ 8 mm in diameter for observer A was -0.6% ± 7.3% (95% CI, -2.8% to 1.7%); 95% limits of agreement were -14.9% (95% CI, -18.7% to -11.0%) and 13.7% (95% CI, 9.8-17.6%). C, Scatterplot shows mean intraobserver agreement on nodules < 8 mm in diameter for observer B was 7.0% ± 15.8% (95% CI, -0.9% to 14.9%); 95% limits of agreement were -24.0% (95% CI, -37.7% to -10.3%) and 38.0% (95% CI, 24.3-51.7%). D, Scatterplot shows mean intraobserver agreement on nodules ≥ 8 mm in diameter for observer B was -0.4% ± 8.2% (95% CI, -3.0% to 2.2%); 95% limits of agreement were -16.6% (95% CI, -21.1% and -12.1%) and 15.7% (95% CI, 11.2%-20.2%). 
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[15] on chest phantoms showed significantly higher volume measurement error for GGO than for solid nodules.
In our phantom study, we obtained accurate volumetric measurements for nodules larger than 5 mm in diameter; the mean measurement error for nodules 5 mm or larger was 2.35% (range, -4.14% to 7.13%). Our accuracy rate was equivalent to that in previous studies of solid nodules. In the clinical setting, however, pulmonary nodules are not necessarily round, their margins are not always clear, and they are frequently in contact with adjacent structures, such as the chest wall, pulmonary vessels, and bronchi. In addition, artifacts due to respiratory and cardiac motion are often present on clinical images. The simulated nodules in the chest phantom, however, were round and had clear margins, and there were no motion artifacts. Volumetric measurement therefore may be less accurate in clinical than in phantom studies. We observed measurement variability even in volumetry of simulated GGO nodules in this study. Because the software defines the optimal threshold attenuation within each region of interest specified by the radiologist, the threshold value varies with the size or site of the region of interest. In addition, in some instances editing was needed even for simulated GGO nodules. This factor may account for the measurement variability encountered in our phantom study.
In our clinical investigation, intraobserver and interobserver agreement was relatively high for nodules ≥ 8 mm in diameter. For intraobserver agreement, the 95% limits of agreement were -14.9% and 13.7% for observer A and -16.6% and 15.7% for observer B. For interobserver agreement, the limits of agreement were -16.3% and 23.7% for nodules ≥ 8 mm in diameter. Wormanns et al. [13] obtained excellent results in a study in which intraobserver agreement was -3.9% to 5.7% and interobserver agreement was -5.5% to 6.6% for automated volumetry of clinical solid nodules. Thus volumetric measurements of GGO nodules exhibited larger variability than did solid nodules. Taking into account our intraobserver and interobserver agreement results, the threshold for identifying an increase in the measured volume of a GGO nodule is a 30% increase, equivalent to a 9% increase in nodule diameter. For example, if a 10-mm diameter of a nodule on a baseline scan has increased 1 mm on a follow-up scan, it can be difficult to detect this change with visual assessment. Therefore, we conclude that our results on intraobserver and interobserver agreement are clinically acceptable for early detection of growth of GGO nodules.
We found that intraobserver and interobserver agreement was slightly better for nodules without than for those with editing. We posit, however, that this difference is minimal and acceptable for clinical practice. Although editing based on the subjective judgment of each observer resulted in a few intraobserver and interobserver discrepancies, appropriate editing may be indispensable for accurate volumetry of GGO nodules. 
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In our clinical study, edits were needed for approximately one half of GGO nodules. For category 3 GGO nodules, the edit rate was significantly higher and the edit time significantly longer than for categories 1 and 2 nodules. However, for both observers, the mean edit time for category 3 GGO nodules was shorter than 60 seconds. Furthermore, there was no statistically significant difference in edit time between nodules that were and those that were not adjacent to the pleura. The mean edit time was approximately 30 seconds for both pleura-adjacent and nonadjacent GGO nodules, although the edit rate for nodules adjacent to the pleura was higher. Considering the acceptable length of edit time, we suggest that our computer-aided volumetry software is a practical tool for the measurement of GGO nodules in humans.
One of the most important indicators of malignancy is the growth rate of nodules, commonly expressed as the volume doubling time [13] . Computer-aided volumetric assessment of pulmonary nodules to estimate their growth rate has gained wider acceptance [14, 16] . The reported average BAC doubling time, calculated from the maximal tumor diameter with the Schwartz equation [25] is 457-813 days [8, 11] . In the interpretation of these data, it must be remembered that the reported doubling times for GGO nodules were not based on 3D data. According to Marten et al. [24] , the relative mean error of volumetric measurements of pulmonary nodules is significantly higher for manual unidimensional measurements. Intraobserver and interobserver agreement on manual unidimensional measurements was lower than with automated volumetry. Yankelevitz et al. [16] also found that computer-aided 3D volumetry had clear advantages over conventional bilinear 2D measurement for accurate representation of nodular volume. We recommend that the doubling time of pulmonary nodules be reevaluated with highly accurate computer-aided volumetry software that features high reproducibility.
There are inherent problems with volumetry of GGO nodules. First, the size of some BACs with GGO decreased in the course of follow-up owing to the collapse of alveolar spaces, fibrosis, or severe narrowing of the alveolar space [10] . Therefore, even if the size of GGO nodules decreases, malignancy cannot be ruled out. Second, because the cells of BAC with focal GGO manifest replacement growth without marked reduction in the alveolar lumen and without marked thickening of alveolar septa [26] , BAC with focal GGO is a relatively soft tumor. Therefore, the volume of BAC with focal GGO may be affected by the lung volume. Furthermore, computer-aided volumetry of GGO nodules seems to be affected by a change in the attenuation of the lung surrounding parenchyma that occurs with inspiratory level. In volume- A, Scatterplot shows mean interobserver agreement on nodules < 8 mm in diameter was 1.9% ± 15.4% (95% CI, -6.0 to 9.8%); 95% limits of agreement were -28.4% (95% CI, -42.2% to -14.5%) and 32.2% (95% CI, 18.3%-46.0%). B, Scatterplot shows mean interobserver agreement on nodules ≥ 8 mm in diameter was 3.7% ± 10.2% (95% CI, 0.5%-6.9%); 95% limits of agreement were -16.3% (95% CI, -21.8% to -10.8%) and 23.7% (95% CI, 18.3%-29.2%). 
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try of focal GGO, the lung volume may have to be taken into consideration. Debate continues about the treatment of patients with GGO nodules. To our knowledge, no consensus has been reached on whether GGO nodules should be resected or observed. At present there is no definite evidence on the natural history of GGO nodules.
Evaluating the volume-doubling time of GGO nodules with accurate computer-aided volumetry may yield information on tumor activity and lead to better management of GGO nodules. Routine computer-aided volumetry in the follow-up of GGO nodules may also be beneficial. Ikeda et al. [27] , who performed 3D analysis of the attenuation within GGO nodules using computer-aided volumetry software for differentiating atypical adenomatous hyperplasia, BAC, and adenocarcinoma, found this method useful. However, even these 3D analyses require high-precision computer-aided volumetry.
During the follow-up of GGO nodules, solid components may appear or grow. According to Henschke et al. [1] , the malignancy rate for partly solid GGO nodules was 63%. In adenocarcinoma with partly solid nodules, the ratio of solid to nonsolid parts is related to the prognosis. It is also useful for differentiation of adenocarcinoma subtypes [6, 9] . Therefore, a function for the identification and quantification of solid components within GGO nodules should be added to computer-aided diagnosis at CT follow-up of GGO nodules.
There were several potential limitations to our study. First, because we used a 64-MDCT scanner in the phantom study and a 4-MDCT scanner in the clinical study, the results of the phantom study may not be applicable to the clinical study. Das et al. [12, 28] , who compared the accuracy of automated volumetry of solid phantom nodules using CT scanners from different vendors and scanners with different numbers of detectors, concluded that solid nodule volumetry was accurate and that the degree of volume error was acceptable considering that the data were acquired using different scanners. For GGO nodules, however, volumetry with different scanners may lead to a change in the cutoff value and turn out to be a source of variability. A technique that unifies and rectifies the image background between types of scanners is needed. Second, we used a section thickness and interval of 1 mm in the phantom study. In the clinical study, these values were 1.25 mm because the clinical data were collected in a retrospective manner. Goo et al. [29] observed a tendency toward larger volume measurement errors with increasing section thickness. Thus the measured volume in our clinical study may have been overestimated. Third, we did not evaluate interscan variability. Wormanns et al. [13] , who used computer-aided volumetry to assess solid pulmonary nodules on two consecutive CT scans on the same day, reported that the 95% limits of agreement were -20.4% and 21.9% (standard error, 1.5%). Gietema et al. [30] also reported similar limits of agreement for interscan variability in volumetry of solid nodules. They suggested that most of the observed measurement variability was attributable to interscan differences. This finding indicates that the effect of interscan variability must be assessed. Last, there may have been selection bias in this study because we selected patients on the basis of the strict criteria described earlier.
We conclude that with our computer-aided volumetry software, volumetry was relatively accurate and that intraobserver and interobserver agreement may be clinically acceptable for the early detection of growth in GGO nodules ≥ 8 mm in diameter. On the basis of our findings we suggest that accurate computer-aided volumetry can play an important role in the follow-up and management of GGO nodules. 
